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FETSIM USER'S MANUAL
GENERAL DESCRIPTION

FETSIM ts a batch program written i{n FORTRAN IV which does
D. C. and transfent analysis of MNS circuits. Circuits employing
N-MOS transistors and/or P-MOS transistors in either a bulk
~technology or an SOS technology, or almost any combination of
R-C elements may be analyzed. The program requires as input data
the complete circuit topology, device parameters, process para-
meters, and control parameters. The user can specify initial node
conditions and the input pulse format. For example, pulse rise
time, fall time, width and time between succeeding pulses are all
independently controllable.

The program contains a sophisticated mathematical model that
can accurately handle eithar N-MNS, P-MOS, Bulk or SNS devices.
Sensitivity to process changes is maintained by requiring such
process parameters as threshold voltage and doping level as brogram
inputs. Intrinsic MOS phenomenon such as parasitic feedback capaci-
tance and varfation of threshold voltage with source potential are
handled implicitly by the model. The program transforms the input
data into a set of n nodal equations. These n ordinary differential
equations are then numberically integrated. The output consists of
a 1isting of n node voltages (in volts) and a1] transistor currents
(in mA) vs time (in seconds). |

The present versioh {s dimensioned such that the program can
accommodate circuits whose parameters do not exceed the following

maximums:
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19 nodes
5 fnput pulses
100 branches
50 resistors
50 capacitors
20 N-MOS transistors
20 P-MOS transistors
These 1imits can be expanded simply by changing the size of
the appropriate valuables and arrays. Circuits having about 50 nodes
require about 180,000 bytes or 45,000 four-byte words.
A user's flowchart for FETSIM is given in Fig. 1. A circuit
#iagram and its associated FETSIM printout are also provided as an

example.




" ENTER TOPOLOGICAL CIRCUIT DATA

1 - ALL CIRCUIT NODES NUMBERED

2 - ALL NODAL CONNECTIONS LISTED FOR CIRCUIT
ELEMENTS (R, C, AND TRANSISTORS)

3 - ALL TRANSISTOR GEOMETRIES SPECI»IED

1

ENTER PROCESS PARAMETERS

THRESHOLD VOLTAGES, DOPING LEVELS;: OXIDE
THICKNESS, MOBILITIES, CHANNEL LENGTHS,

ETC. ' l |

ENTER ELECTRICAL CIRCUIT DATA

1 - INITIAL VOLTAGES ‘
2 - EXTERNALLY APPLIED VOLTAGES

:

ENTER PRINTOUT INFORMATION

1 - SIMULATION TIME
2 - FREQUENCY OF PRINTOUT

|

FETSIM

1

_PRINTOUT

1 - NODE VOLTAGES VS, TIME
2 - TRANSISTOR CURRENTS VS. TIME

Fig. 1 FETSIM Flowchart



INPU? DATA PREPARATION

’

Circuit analysis begins with a schema'ic diagrem prepared in

the following way.
Number the rodes sequentially, beginning with all independent nodes.

-

Becausa the program automatically connects all P-MOS substreates to node 1
and all N-MOS substrates to node 2,

NODE 1 MUST BE THE MOST POSITIVE VOLTAGE AND

NODE 2 MUST BE THE MOST NEGATIVE VOLTAGE.

Number all component types sequentially. For P-MOS trensistars P(1)
to P(NP), for N-MOS transistora N(1) to N(NN), for res mtora R(1) to R(NR) and
for capacitors C(1) to C(NC). RESISTORS AND CAPACITORS MUST BE ENTERED
AS LUMPED CONSTANTS.

EVERY DEPENDENT NODE MUBT HAVE A CAPACITOR CONNECTED TO IT.



Fig. 2 Data Path 1-Logic and Circuit Diagram
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ARRANGEMENT IS AS FOLLOWS:

INPUT DATA IS FED INTO THE PROGRAM AS FORMATTED DATA CARDS. THE CARD SEQUENCE AND DATA

~ FIELD
SYMBOL DESCRIPTION COLIMRS FORMAT REMARKS
MR Total No. of Resistors 1-4 I Right Justified
BC Total No. of Capacitors 5-8 I Right Justified
NPEN Total No. of Transistors 9-12 I Right Justified
P Total No. of P-MOS
Transistours 13-16 I Right Justified
NI No. of Independent 17-20 I Right Justified
Nodes
NI+ND Total Number of Nodes 21-2h4 I Right Justified
(Independent + Dependent)
KPUL No. of Applied Pulses 25-28 I Right Justified
SOs 80S = 1 for SOS circuits;  29-32 I Right Justified

leave blank for non SOS
circuits.



FIELD

CARD NO. SYMBOL DESCRIPTION COLUMRNS FORMAT REMA RKS
GATE Gate Node No. of nth 1-4 Righi. Justified, P-M08 Transistots
Transistor are listed first. One Trans.
is described per card. After each
P-MDS Trans. has been listed, list
each F-MDS Trans. on a new card.
2t
° IRATN Drain Node No. Of ntfl 5-8 Right Justified Source and
(L+upAN) . Transistor drain nodes are interchangable
SOURCE Source Node No. of o2  ¢_y, and need not be distinguished.
Transistor
VT Threshold Voltage of 13-21 Right Justified

ntd rrans. (in volts)

TheVTforP-)OSenhancmntmode
devices 1s a negative No. The VT

- for N-MOS enhancement mode devices

is a posi.ive NO.



FIELD :
CARD RO. SYMBOL, DESCRIPTION COLUMES REMARKS
2 W ‘Effeggtive channel width 22-30 Right Justified. TheNoe.
to of n trans. (in mils) entered for W & L mist
(L+NpuN) L tive channel bngth 31-39 refleet diffusion effects an
of n trans. {in mils) mask geometries.
(2+aPvEN TOP NODE One node of -99 5-8 Right Justified-One Iamped constant’
to passive element passive element is listed on each ex
CJ'BIH BOTTOM Other node of m= 9-12 Right Justified Resistors if any ar
+KR+NC NODE passive eélement listed first. Capacitors follow.
VALLE Value of Resistor Values are in Knand PF.
or "an 13-21
r Ey Relative permittivity 1-6 Kight Justified
of silicon dloxide Nominal values
are 4.0 & 12.0
Es Relative rermittivity 7-12 Right Justified respectivaly
of silicon substrate
i Channel mobility of 13-18 Right Justified
n electrons Mobility units
are
(2+MN u Channel mobility of 19-24 Right Justified cm2/ volt-sec
+NR+NC P holes
ND Doping level of 25-33 Right Justified
H-substrate Doping level uni
are
N, Doping level of 34-42 Right Justified atcms /cas
P-well
T Gate Oxide Thickness 43-51 Right Justified Oxide thickness

is entered in cm. unite are cm.
This card must be included for all
FETSIM runs. Tox must always be
finite.
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"FIELD

- C NO, SYMBOL DEJCRIPTION
’?\ SLOPEN Slo pe Factor for
; N-MOS
’ SLOPEP Slope Factor for
P-MOS
2 + NP + NN
+ NR + NC
! MOVAN Moblility Variation
‘ Factor for N-MOS
MOVAP Mobility Variziion
Factor for P~-MOS
!

ALIIVAD Y00d 40
ST 39vVd TYNIDINO

52-57

58-63

64~-67 .

68-T1

_CQLUMNS  FORMAT

nj

These empirical factors account

for the finite positive slopes found
in the saturation regions of N and
P type transistors. (See Table I).

These empirical factors account

for the effective reduction in

device mobility as the gate voltage.
increases. ‘

SLOPEN, SLOPEP, MOVAN, and
MOVAP may be left unspecified

by the user. In which case, an
infinite saturation conductance

and constant mobility are assumed.
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CARD NO. SYMBOL DESCRIPTION COLUMNS FORMAT REMARKS
VH Pesak-peak voltage 1-7 F Right Justified Th~ sign of
sving of pulse (volts) VH is positive if the pulse is
poeitive going and negative 1if the
pulse is negative going. :
VB Base line of pulse (volts) 8-14 F Right Justified
Base line
(3+Nm+nP TD Time (in ns) that the pulse 15-23 F Right Justified ential of
is deslayed from the start ¥ my be
+NR+KC) ) of rm positive or nega:
TP Pulse width 24~ 32 F Right Justified (the units are o
R Time constant of 33-41 r Right Justified (The units are r
leading edge of pulse
F Time constent of 42-50 R Right Justified (The units are ¢
trailing edge of pulse
NODE (L) Node of circuit to which 51-SkL I Right Jiustified There may be at
Pulse 1s applied most five pulses. Each pulse mst
be described on a separate card. Al
_ additional pulse cards follow this ¢
TC Time (in ns) that separates 55-63 F Right justified.When this field is

““

pulse A and pulse B.

left blank,Tc is set 10 1.0 second,



A PEIETS SETeE AR T

CARD NO. SYMBOL DESCRIPTION coLUMES FORMAT FEARKS
(H+NN+HP v(1) Initial voltage at node 1 1-6 F Right Justified The initial
+NR+NC) v(2) Initisl voltage at node 2 7-12 F Right Justified conditions for
node voltages
v(3) Initial voltage at nodes 3 13-18 F Right Justified v(1)---v(10)
v(u) Initial voltage at node 4 19-2k F Tight Justified sre listed on
v(5) Initial voltage at node S5 25-30 F Right Justified one card. In
case there are
v(6) Initial voltage at node 6 31-36 F Right Justified more than 10
v(7) nitial voltage at node 7 37-hk2 F Right Justified nodes, an
v(8) Initial voltage at node 8 L43~h8 F Right Justified additional card
will be required
\V v{9) Initial voltage at node 9 L9-Sh F Right Justiried For cases where
v(10) Initial voltage at node 55-60 F Right Justified there are 10 or .
10 nodes, cily one card is required. .
(The units are vo.ts) \
( 5+NN+NP v(1) Initial voltage at node 1-6 F Right Justified
11
An optional
+NR+NC) v(12) Initial voltage at node 7-12 F Right Justified
12 card to Le used
v{13) Initial voltage at node  13-18 F Right Justified only vhen the
13
circuit under
v(1") Initial voltage at nodz 19-24 F Right Justified
14 analysis has more
g v(15) initial voltage at node 25-30 L4 Right Justified than 10 nodes

15

(The units are volts)



LT TETEE R AL TR O L v e

REMARKS

CARD NO. SYMEOL DESCRIFTION COLUMNS FORMAT
( F+NN+NP v(16) Initial Voltage at node 31-36 F Right Justified
16 An optional
+NR+NC) v(1T) {‘:;11;131 Voltage at node 37-42 F Right Justified 1 to be used
v(18) Initial voltage at node  h3-48 F Right Justified  OR1Y vhen tbe
18 circuit under
\ v(19) Initial voltage at node 49-sh F Right Justified lveis has mo:
19 than 10 nodes (The units are volts)
LAST TPRINT The time interval between 1-10 E Right Justified
print outs The units
CARD
TSTOP Time at which analysis 11-20 E Right Justified
stops of time are
'»ﬂ
\ INTERVAL Initial interval of 21-30 E Right Justified :

integration

entered in ns.
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Threshold Voltage
For FETSIM, the threshcld voltage of an MOS transistor is defined as the

gate voltage required for 10 uA source-drain current with a 10 V source-drain bias.
This designation is somewhat arbitrary but is widely accepted in the industry.

. o
s vl
"!o'Vﬂ' {I

P l /0 A
Vo
A Vo
/104 ‘VG‘VT i~
*- I
SuvB

Vip MEAIURED AT Ve MEASURED AT
Vb2 =10.0v, Ip: -10MA Vp: *i0Oov, T, = 10mA

FIGY  THRESNOLD  POLTAGE M EASUREMENT



Input Pulses

Input pulse specifications are as shown below, If 'l‘c is left blank, the

program will automatically set Tc = 1 gecond. In terms of 10-90% rise and fall

timea:

TL-TF-Z.z v,
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FETSIM MOS MODEL

The MOS model used in FETSIM is based on a derivation
following that of Thantola.! By considering the dopina level(s)
of the fonized acceptors (or donors) in the substrate material,
severz] second order physical effects are implicitly accounted
for. These include the apparent decreas=d carrier mobility
resulting from heavy substrate doping and the gating effect
associated with stacked devices.
A linearized empirical approach2 ifs utilized as a means of
-handling the finfte drain conductances in the saturation region.
In addition, surface channel mobility modulation, as a function
of gate voltage, is modeled along the lines proposed by Schrieffer.3
The resulting four terminal MOS device model is ideally suited
for large signal analysis and is directly applicabie to either bulk
MNS calculations or dielectrically isolated device (S0S) calculations.
Essentially the FETSIM model divides MOS transistor operation

into one of three possible cases.
CASE I: |va|<|v] ve| < |vrv|
Ips = p
Case I 1s the trivial case: here the magnitude of the gate
voltage is Below the effective threshold voltage necessary
to cause transistor conduction. In this case the device

current is zero.

_CASE 11: Ve |>v1] A11 $OS Devices or Bulk
‘ Devices when source and
|VD | WSAT‘ substrate common

Ip = "‘ZZVDS(VGS'VT’-Vosz~4/3.k(vos v 2pF)3/2}




Case II handles the specfal case of a conducting transistor
with 1ts source and substrate electrically connected. The
expression for the channel current contains three terms -

the first two of which are those found in the generally
accepted model of SAHY. The third term,4/3 § Vp3/2,introduces
the effect of'the substrate doping level. (The expressions

for P, K, Vry, VgaT, and ©Ccan be found in Table I.) It is
this term thac accounts for the reduced effective mobility
associated with highly doped MOS suostrates. The (1+etVp)
factor accounts for the finite slope of the drain character-

istics in the saturation region. S0S devices are always

handled with CASE I and CASE II

CASE II1: IVGs|:>IVTH| A1l Bulk devices where
source and substrate
’VDI£5|VSAT‘ are not connected

Vsl £ vsar|
Ip « K §20V6-V1) (Vp-vs)- (yp2-vs?) - 4/3 K[(vp+20F)®/?

- (vs+2pF)3/2)] x (1 +ayos)}
Note: Vg, Vp, & Vg are measured relative to the substrate.
Case III covers the generalized and more complicated case
where nefther the source nor the drain are connected to
the substrate. (When either the source or the drain are

connected to the substrate, Case III reduces to Case II.)




Case III permits the accurate handling of “stacked"
transistors (for example,3 input NOR gates). Generally
this case applies to Bulk devices only, however it is |
used in SOS calculations whenever device substrates are
not permitted to "float".

The model {s programmed in such a way as to set Vp=VSAT

whenever Vp>Vg - Vyy and Vg = Vgar whenever Vg =Vg - Vry,

The programming technique permits saturated transistors and

the gating effect to be handled.

MOS transistors processed in a bulk LSI technclogy share a
common substrate. Generally N-MOS devices are fabricated

within a common p-well while P-MOS devices are fabricated

within a common n-type material. Inherent to this scheme is the
possibility that the sources and drains of "stacked" tran-
sistors (in functional gates and transmission aqates) can become
back biased with respect to the fixed potential of the common
substrates. This, "gating effect", aives rise to an apparent

increase in the threshold voltages of the associated tran-

sistors. This phenomena 1s modeled in the equations of CASE III.

In comparison, MOS transistors processed in one of the S0S
LSI technologies are fabricated, within separate, independent
islands of substrate material. This technique leaves the

channel material free to be defined by the source and drain

- .

e
—



potentials of each transistor. In the case of N-MOS devices,
the p-type channel material is definzd by the source or drain-
whichever is at the lower potential. Similarly for P-MOS
devices, the n-type channel materfal is defined by the source
or drain whichever is the higher potential. 7vhi: phenomena

is modeled by automatically defining the substrate of each
SOS-LSI transistor to be at the lTowest of the source and

drain potentfals for N-devices and highest of the source and
drain potentifals for P-devices. When this is done the more

generalized CASE III reduces to CASE II.

Subroutines FET and DR contain the MNS model as described

here.
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Symbol

&n.p

VoaT

TABLE I: MOS MODEL CONSTANTS

Yalue

Tox JZESQNA, p’

Eox

Un,pP Eox W
I"+ MOVAN,P{VG-Vs - vin,p) 2Toxt

Y 4 oma. 1
Vy ¢ JN.PA‘Vs* 28¢

Typical Values

XN = 0.0]
=xp = 0.02
a
1
-20F + |- k tJ ch_)2 + 20 + Vg - Vp

Comments

A constant which is a function
of the MOS fabrication process.
‘'Q' is the electronic charge.

The sign i{s "+" for enhancement
mode N-MOS transistors. This
term accounts for the gating
effect.

This is an empirically calculated
factor which accounts for the
finite slope of the drain char-
acteristics in the saturation
region.

The Fermi potential of the
substrate.
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SOS Device and Processing Parameters

An important aspect of computer aided cfrcuft simulation is
the determination of the values of the ph,sical device parameters.
Fortunately, many of the parameters can be accurately determined
from the mask layout and an elementary knowledge of the processing
sequence. For a particular processing run, the parameters that are
most difficult to determine are the substrate impurity concentration,
N; the mobility ; the effective channel length L, the threshold
voltages, VT; and the channel and field oxide thickness Tox. In
the ideal case, a fourlterm1na1 test transistor of known geometry
will be available to provide for direct measurement of threshold
voltages, drain currents, and a means of calculating the substrate
impurity concentration. The mobility and effective channel lengths
may also be calculated at this time, When test devices are
unavailable nominal parameters may be inserted.

For most switching applications, the saturation current at full
gate and drain voltage is a primary importance. It is this current
(or a fixed portion of 1t) that will charge and discharge all load
capacitors and thereby determine a circuit's dynamic performance.

In a sense, 1t may ~e considered to be a composite figure of

merit for all of the processing parameters. For accurate simulation
results, the device sa:uration current predicted by the device

model must therefore be equal to that measured on an actual device
under identical bias conditions. For calibration purposes, the
saturation current at full gate voltage is one of the parameters
listed in Table II§.



Table II4 1ists the S0S parameters that are needed to both
run the FETSIM program and to calculate the parasitic loading
elements. The values Tisted are from representstive samples of
ATL-011 SOS test chips. Comments pertaiiing to the method used to

arrive at these parameters are also listed.

B D R



TABLE II, SOS TEST CHIP (p11) DEVICE PARAMETERS

Symbo! Description Value Used
in Simulation
VP Threshold Voltage P-Transistor(:) -1.5V
@ Ips = 10uA
YIn Threshold Voltage N-Trans1stor(:) +1.5V
@ Ips = 10ua
L Channel Length (Effective) 0.25(0.20)mils
up Effective Surface Hole Mobility 367 cm?/V s
(Vgs=0) (B
un Effective Surface Electron Mobil{ity 458 cm2/V s
(Vgs=0) (®)
Np Donor Densi:y(:) 1-5X1015/cm3
Na Acceptor Dunsity(0) 1.5x1015/¢m3
Tox Gate Oxide Thickness (C) 1100A
Slone N (In Saturation) Slope of Drain 0.02
Characteristic-N
Slope P (In Saturation) Slope of Drain 0.0
Characteristic-P
Cgs Capacitance (Gate-to-Source) (C) 0.22pp/mi12
(ofe])) Capacitance (Gate-to-Drain) (:) 0.22pp/m112
Ry Resistance of Polysilicon Strip (B) 60 ohm/o
IN Saturation Current at Full Gate and 2.3ma
Drain Voltage (10.0V) QD
Ip Saturation Current at Full Gate and 1.6ma
Drain Voltage (10.0V)
(A) - obtained by direct measurement on tect devices
(E) - the ratio (u/L) 1s chosen to adjust the simulated

®

Saturation Current to equal the measured value. Once
the ratio for each device type has been chosen, the
engineer is free to chose either u or L - whichever
is known to the greatest accuracy.

- obtained from processing specifications



FETS!M cXAMPLE
Highlights:
1. Design/Performance review of a "-Type, S/R
Flip-Flop (Standard Cell #2020).
2. Technology - douh\e-epi. enhancement mode,
s0S.

3. Processing Parameters - S0OS Test Chip (ATL-011).
Summary:

The design and performance of Standard Cell #2020 is reviewed
with particular attention given to evaluating output rise/fall times
and clocking times. 'Although the actual circuit implementation
incorporates 26 transisters, the analysis considers only 18 active
elements. The other 8 transistors are in the Set/Reset Circuitry
end have been reduced to passive elements for this analysis. The
16 parasitic capacitors (resulting from transistor gates and metal/
poly/epi crossovers) and the 3 parasitic resistors (resulting from
the poly and epi 1nter;onnects) are determined directly from the
tircuits tooology (layout). The processing parameters u-ed in the
analysis are taken from samples of the Couhle-Fpi/SNS Test Chip
(ATL-P11) and are listed in Table 1.

The circuitry is exercised bv app'ying waveforms to the Data
and Clock inputs and obhse. v:'ng the circuits internal and output
r~de responses to these stimuli. Fiqure 1 is a detailed workin-
schematic of the Data and Clock portions of the 20?0 cell. Each
node 1s numbered as a means of describing the circuits inter-

connection to FETSIM, Rise/fall times of the input waveforms are




set at Y0ns (2.2x4.5ns) while the output rise/fall times may be
determined directly from the printout. The loading at the Q and
G outputs is set at 10pF and 40pF respectively. Figures 2 and 3
are refuced copies of a portion uf the "ETSIM printout for this
particular run. Figure 4 is a sketch of some of the 1/0 waveforms
associated with this run. As can be seen a load of 4pF at § wil!
result in a clocked delay of 12.5ns from the fallina edge of "C"
to the rising edge of . This is reflected in the ?N2n cells data

sheet - as can be seen in Fig. 5.

OKIGINAL PAGE IS
OF POOR QUALITY;
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TABLE 1.

Symbol

Vrp

VTN

Stope N
Slope P
Ces

CeD

Rp

SOS TEST CHIP (P11) DEVICE PARAMETERS

Description

Threshold Voltage P-Transistor
Threshold Voltage N-Transistor

Channel Length (Effective)

Effective Surface Hole Mobility
(Vas=0)

Effective Surface Electron Mobility
(Vas=0)

Donor Density

Acceptor Density
Gate Oxide Thickness

(In Saturation)Slope of Drain
Characteristic-N

(In Saturation)Slope of Drain
Characteristic-P

Capacitance (Gate-to-Source)

Capacitance (Gate-to-Drain)

Resistance of Polysilicon Strip

Value Used
in Simulation

-1.5V
+1.5V

0.25(0.20) mils
400 cm2/V s

500 eml/V ¢
1.5x1015/cm3
1.5x10'5/¢cm3
1200 %

0.02
0.01
0.2pF/mi12
n.2pF/mi1?

60 ohm/



APPENDIX A

The following appendix describes the use of the graphics
output capability which has been added to FETSIM, This cap-
ability is not presently supported by the Marshall Space Flight
Center due to the requirement of several CALCOMP subroutines
which are not presently available on the MSFC computer aided

design system. These subroutines are by name:

AXIS PLOTS PLOT SCALE LINE NEWPEN

The FETSIM source tape available from MSFC has dummy
routines in place of these subroutines to facilitate compilation
and loading. Other functions of FETSIM are not affected by these

additions.
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ALT TAPE = 198
FETSIM USER'S MANUAL

Appendix for Graphic Qutput Capability

The Qersion of FETSIM which provides a graphic output capability
is called FETGM4. FETGM4 is identical to FETSM4 with the exception
of the graphic output capability.

Through the use of additional control cards, the user is able to
specify the following options:

1.
2.
3.
4.

no graphic output
graphic output on only the Spectra 70 computer
graphic output on only the Calcomp 7680 series plotter

graphic output on both the Spectra 70 and the Caicomp

The additional control cards follow the FETSIM input data cards
and are described below.

Control Cards

1.

The first card required for the graphic output is the
option control card which informs the program which ¢of
the four options previcusly listed is desired. The
rumber corresponding to the desired option is placed

in column 4 of the option control card. The option and
their corresponding numbers are listed below:

Number ' 'Ogtion
0 no graphic output
1 graphic output on the

Spectra 70 only

2 graphic output o the
Calcomp only

3 graphic output on both the
Spectra 70 and the Calcomp

The next card in the input sequence is the voltage
selection card which specifies which node voltages are
to be plotted. Since the voltages across nodes #1 and
#2 are always constant, plotting of these voltages will
not be allowed. The user specifies which node voltages
from nodes #3 through #19 inclusive are to be plotted in
columns #4 through 68 inclusive as follows:

.




2. (Continued)

Column No. Node No.
4 3
8 4
12 5
68 19

If the user desires a specific node voltage to be plotted,
then he places a non-zero decimal number in the appropriate
column. If he doesn't want any voltages to be plotted, then
a blar¢ card must be used. The voltages will be plotted in
groups of four. Automatic scaling of the voltage axis will
be performed.
~m%Gns. Seurce

3. The next card in the input sequence is thg)current

selection card which specifies whichlmpaed currents

are to be plotted. The user specifies which branch

currents from branches #1 through 40 inclusive are to

be plotted in columns #2 througn 80 inclusive as follows:

Column MNo. Node No.
2 1
4 2
6 . ‘ 3
80 40

If the user desires a specific branch current to be plotted,
then he places a non-zero decimal number in the appropriate

column. If he doesn't want any currents tc be plotted, then
a blank card must be used. The currents will be plottea in

groups of four. Automatic scaling of the current axis will

be performed.

4. The fourth card in the input sequence is the time scaling
card. This card's interpretation depends on where the
graphic output is to be generated (Spectra 70 or Calcomp).
For Spectra 70 output, the card specifies the number of
lines per print interval . For Calcomp output, the card
specifies the spacing per print interval in tenths of an
fnch. The allowable range is 1 to 10 inclusive. Tthe
value is specified in columns #3 and 4 and is right-
Justified.




If the user has specified output on either the Calcomp
alone or both the Spectra and Calcomp, then the following

card 1js required.

5 L

The color select option has the three general
possibilities shown below:

Value Interpretation
0 Do not stop, do not change pen
=0 Automatically change pen at start

of each current or voltage plot.
Repeat pen selects.

x> 0 Stop after each X pen selects;
user will change pen colors;
and continue plotting. If mul-

tiple pen plctter, user may change

pen colors, for example, after 4
pen selects.

The color select option is specified on its own serara
card, occupies cclumns #3 and 4 and is right-justified.

>
-

[13]

I[f the user has specified output on either the Calcomp
alone or both the Spectra and Calcomp, then he may
include an additional card in his input deck which
specifies the following items:-

a. the number of pens on the plotter

b. the X-1imit of the plotter

c. the X-spacing between graphs

d. the Y-limit of the plotter

e. theY-spacing between graphs

f. the Y-size of the graphs
The number of pens on the plotter is specified in column

4 and has a range of one to four. If unspecified, the
default value (4) will be used.

The X-1imit of the plotter is specified in columns 7 % 8
(right-justified) and has a maximum value of 72 inches,
If unspecified, the default v.lue (72) wilil be used.
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The X-spacing between graphs is specified in column 12
and has a range of one to four inches. If unspecified,
the default value (2) will be used.

The Y-1imit of the plotter is specified in columns 15 &

16 (right-justified) and has a maximum value of 48 inches.
If unspecified, the default value (48) will be used.

The Y-spacing between graphs is specified in column 20
and nas & renge of one to four inches. If unspecified,
the default value (2) will be used.

The Y-size of the graphs is specified in column 24 and
has a range of 6 to 9 inches. If unspecified, the default
value (6) will be used.

General Uperating Information

The program occcupies less than 148,000 bytec of memory on the Spectra
70/45 computer and runs under control of the monitor job stream
processor.

The plotting options and parameters selected by the user will be
printed during the execution of the program.

Independent of where the graphs are plotted (Spectra 70 or Calecomp},

each grapn is i1nited in the time direction to a maximum of 200 time
intervals (including time = 0).

If a required control card is missing or at least one of the para-
meters on a card is incorrect, then the message "BAD CONTROL CARD"
w111 be printed and the program will terminate.

When the current and voltage information is be:ng pr1nted in tabu]ar

form on the line printer, it is also being written to the system tape
called SYSUT3. When the printing of the tabular data is completed,
the program rewinds SYSUT3 and reads the contents of SYSUT3 back

into main memory. At this point it is possible that the program

will print the message "INSUFFICIENT DATA on SYSUT3" and terminate.
If this occurs, the most likely causes are either » worn tape being
used for SYSUT3 or a defective tape drive.

et

When graphc are plotted on the Spectra 70, the four symbols used for
plotting in each graph are: A, B, C, and D. If two or more symbols
occupy the same position in the graph, then the symbol furthest from
the beginning of the alphabet will be printed.

When output on the Calcomp plotte: is requested, a standard 9-track
output tape called "CALCOMP" will have to be assigned during the
execution of the program. Instructions concerning the setting up
of search addresses, etc. on the Calcoro plotter will be printed
out on the line printer.
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If the user has specified output on the Calcomp plotter, it is
possible that the message “INSUFFICIENT SPACE LEFT ON THE PLOTTER"
will be printed. 1If this occurs, it signifies that the user has
not specified the /-1limit and/or Y-limit on the plotter large
enough to contain all of the requested graphical output.

If any suspected errors in the program arise, the user should send

the output to the undersigned who will verify and correct the error.

Barry S. VWagner

RCA Corporation

Bldg. 10-7-1

Camden, New Jersey 08102
609-963-8000

Extension: PC-6735
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